Regulation of cytochrome bd expression in the obligate aerobe Azotobacter vinelandii by CydR (Fnr). Sensitivity to oxygen, reactive oxygen species, and nitric oxide.
Azotobacter vinelandii is an obligately aerobic bacterium in which aerotolerant nitrogen fixation requires cytochrome bd. Regulation of cytochrome bd expression is achieved by CydR (an Fnr homologue), which represses transcription of the oxidase genes cydAB. cydAB mRNA was mapped by primer extension; the transcriptional start site was determined, and putative -10 and -35 regions were deduced. Two "CydR boxes," one at the +1 site and one upstream of the -35 region, were identified. Transcriptionally inactive, purified CydR was converted, by adding NifS, cysteine, and Fe(2+), into an active form possessing acid-labile sulfide and spectra suggesting a [4Fe-4S](2+) cluster. Reconstituted CydR specifically bound both CydR boxes cooperatively, with higher affinity for the nearer consensus +1 site. Low concentrations of O(2) or NO ([O(2)]/[[CydR] or [NO]/[CydR] = 0.1-0. 6) elicited loss of the 420 nm absorbance attributed to the [4Fe-4S](2+) cluster, formation of a 315 nm species, and loss of ability to retard DNA migration. Retardation by reconstituted CydR was enhanced by superoxide dismutase and/or catalase, suggesting a role for reactive oxygen species in CydR inactivation. The role of CydR in regulating cydAB expression in the supposedly anoxic cytoplasm of A. vinelandii and similarities to cydAB regulation by Fnr in Escherichia coli are discussed.